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Introduction
The surgical management of multiple endocrine neoplasia type 1 (MEN1) involvement in the parathyroid glands and pancreas remains controversial. Nearly all patients develop hyperparathyroidism (HPT), which is most frequently the first clinical manifestation of the syndrome [I+]. Overt pancreatic disease is less frequent and usually develops at a later age than the HPT [l, 51. It may initially be (D 1995 Blackwell Science Ltd detected after the development of specific symptoms caused by the hypersecretion of one or more of the gastrointestinal peptide hormones, mechanical effects of a nonfunctional tumour, or by screening imaging of the pancreas or liver. The most common functional pancreatic or duodenal tumours in MEN 1 patients are gastrinomas and their management is the subject of the greatest controversy El]. Their importance lies in the fact that up to 30% of MEN1 patients will develop gastrinomas and the Zollinger-Ellison syndrome (ZES). The surgical management of MENl ZES has gradually evolved during a period of more than a decade in which important developments in pathology, localization techniques and drug therapy have played a significant role in determining the multifaceted operation we currently employ [ 6-1 81. The optimal surgical management of insulinomas in MEN 1 patients is less controversial, but as yet, not standardized [19. 201. The purpose of this paper is to report our experience at the University of Michigan, Ann Arbor, MI, USA, in the management of the MENl patient with either or both HPT, and neuroendocrine disease of the pancreas or duodenum.
Hyperparathyroidism
Multiglandular disease is present in all MENl patients with HPT [l-3, 81. Furthermore, it is assumed that up to 20% of patients will have a supernumerary or fifth gland within the thymus that must be considered in operative strategy [l-3, 211. Frequently, one or more parathyroid glands may be normal in size and even in microscopic appearance from a limited biopsy. The asymmetrical parathyroid enlargement by a nodular type of hyperplasia is typical of MENl [l] . Only one or two parathyroid glands may be enlarged grossly, and a false impression that the disease is caused by an adenoma or 'double adenoma' may occur, especially in the patient without a known family history or other manifestation of the MENl syndrome. Two surgical procedures are widely employed in treating MENl HPT [l, 4, 22 -29] . Both are based on the assumption that persistent or recurrent hypercalcemia can be anticipated if less than a subtotal parathyroidectomy is performed. One technique is to perform a total parathyroidectomy with excision of the cervically accessible thymus gland and autotransplantation of sufflcient parathyroid tissue into the forearm or other readily accessible location so that, should recurrence ever develop, re-operation using a local anaesthetic could be performed on an outpatient basis [27] . This procedure has the potential for permanent hypoparathyroidism if the transplanted tissue does not survive and the patients require replacement therapy with vitamin D and oral calcium until the graft functions adequately (4-8 weeks or longer). Its advantage is that, if recurrence develops, a second procedure in the neck can usually be avoided, providing all parathyroid tissue has been excised at the first operation. Graft size reduction can be accomplished readily under local anaesthesia. The second procedure is a subtotal parathyroidectomy with cervical thymectomy and is the one that we have used during the past 20 years and currently prefer [ l , 261. Our surgical explorations in MENl patients have included a careful search for a minimum of four parathyroid glands and excision of the thymus. All parathyroid glands but one are excised. When all four glands are enlarged, a well vascularized gland is partially resected leaving a remnant weighing approximately 50-60 mg. When a normalsized gland has been identified, regardless of its location, it is carefully preserved and marked with a metal clip for possible future identification. When all four glands are enlarged, the smallest inferior gland is mobilized and trimmed to the desired size after carefully placing a metal clip across the gland. The resected portion is cut on the clip after packing the surrounding area with gauze sponges to prevent possible implantation of hyperplastic parathyroid cells. The remnant with clip is then tacked with a stitch to the trachea for easy access should a subsequent recurrence caused by remnant hypertrophy develop.
Results
Thirty-four MENl patients with HPT treated at the University of Michigan Medical Center between 1972 and 1994 were available for follow-up studies ranging from 3 months to 2 0 years following parathyroidectomy.
Twenty-four patients had their primary operations at the University of Michigan. One of these patients, in whom only three parathyroid glands were found at exploration, had persistent hypercalcemia (4.1%). At re-operation, the missing left inferior parathyroid gland was found within the lower pole of the thyroid gland. Three patients developed recurrent hyperparathyroidism diagnosed at intervals of 8, 16 and 17 years after a subtotal parathyroidectomy and thymectomy (12.5%). All three patients were reoperated and found to have remnant hypertrophy. Partial resection of the remnant has resulted in normocalcemia in each case. Twenty-three out of the 2 4 patients became transiently hypocalcemic after their initial operations and most required vitamin D preparations (Dihydrotachysterol) in addition to oral calcium carbonate supplements. Similarly, transient hypocalcemia developed in the four patients who were subsequently re-explored. No patient has developed permanent hypocalcemia, although one is taking daily oral calcium supplements.
A subset of this group of 2 4 patients consists of seven patients who had synchronous primary HPT. and neuroendocrine pancreatic or duodenal neuroendocrine tumours. Each underwent a combined cervical and abdominal exploration, avoiding a second operative procedure. These patients, all explored between 1990 and 1993. are currently ?ormocalcemic following subtotal parathyroidecomy and cervical thymectomy. Each of these patients tlso underwent a distal pancreatectomy. Five subjects with ZES also had duodenotomies and excision of submucosal gastrinomas. One patient with hypoglycemia had multiple neuroendocrine tumours in the neck, body and tail of the pancreas. One patient without symptoms was found to have a neuroendocrine tumour within the pancreatic head on routine CT screening. Based on the favourable results in this group, we recommend this combined approach for synchronous HPT and pancreatic disease, providing neither neck nor abdominal procedure is a re-operative exploration. None of these procedures exceeded 5 h in operative time.
Eleven patients who were initially treated elsewhere underwent re-operative parathyroidectomies for persistent (n = 8) or recurrent disease (n = 3). A subtotal parathyroidectomy was accomplished in eight patients in which one or more enlarged hyperplastic glands was excised. Each patient also had a cervical thymectomy. The three patients with recurrences were found to have hypertrophy of remnants which were trimmed to an estimated 50-60 mg. One out of the 11 patients has persistent hypercalcemia and another has serum calcium levels at the upper limit of normal. All but one patient was temporarily hypocalcemic, although none developed permanent hypoparathyroidism.
Thirty-four out of the 35 MENl patients are normocalcemic. The one patient with persistent hypercalcemia is asymptomatic. However, it should be emphasized that 15 out of these 34 patients required two operations (44%). nine for persistent and six for recurrent disease. Remnant hypertrophy was the only cause of true recurrence in this group of patients and occurred at intervals ranging from 4 to 17 years after an initially successful operation. Reoperation for remnant recurrences was not difficult in those cases in which the surgeon had carefully documented the location of the remaining gland. Annual follow-up of these patients is indicated for life because late recurrences can be anticipated and occurred in 17.6% of all patients in this series. We favour subtotal parathyroidectomy and thymectomy because, if carefully performed. it completely avoids permanent hypoparathyroidism, and in our own primary cases, was associated with a long-term recurrence rate of only 12.5%. Furthermore, reoperation in this group was successful without any significant morbidity.
Surgical disease of the pancreas and duodenum
During the past 2 decades, several important developments have contributed to a more rational approach to the operative management of neuroendocrine disease in MENl patients. The first was the finding on immunohistochemical studies of MEN 1 pancreas and tumours that patients with functional hormonal syndromes had one or more discreet tumours as the cause of the syndrome, rather than islet-cell hyperplasia or microadenomastosis, even though the diffuse changes always accompanied the tumour(s) [7, 81. As a result, it became apparent that functional syndromes might be effectively treated if all gross tumour(s) could be excised without the need for total pancreatectomy. Another finding was that most patients with ZES had small gastrinomas arising within the duodenal wall which could be the only cause of hypergastrinemia. In many of these cases, gross tumours elsewhere in the pancreas were present, but based on immunohistochemical studies, were not found to be the cause of the ZES in the majority of patients [6, 8, 10, 18, 30-331. Finally, it was discovered that duodenal gastrinomas, despite sizes as small as 1-2 mm, metastasized to the peripancreatic and periduodenal lymph nodes and were accompanied by liver metastases in about only 10% of cases, and usually, only after a long period without surgical intervention [9, 13. 14, 16, 17. 21, 32, 34411. Although MENl tumours were previously considered to be less malignant than those occurring sporadically, it became apparent that, eventually, both primary tumours and liver metastases were the cause of significant mortality. More recently, the development of antisecretory drugs such as omeprazole has allowed for effective medical management of MENl ZES patients without the need for total gastrectomy in patients with either acute complications of peptic ulcer disease or unremitting symptoms. Because of an almost universal failure in previous surgical efforts to render MENl ZES patients, eugastrinemic, total gastrectomy had previously been the standard operative procedure performed in these patients. After omeprazole became available, many groups elected to treat MEN1 ZES patients with drug therapy only, avoiding an exploration unless a pancreatic tumour was imaged by CT or any other localization study [4245] . The obvious disadvantages of medical therapy in MENl ZES include life-long dependency on therapy with H2 blockers or omeprazole, the possible progression of localized malignancy to Iymph nodes and liver, and the possible development of multiple gastric ECL (enterochromaffin-like tumours [ 4 61.
Our surgical approach, developed during the past 15 years, is based on the premise that MENl patients with neuroendocrine disease of the pancreas or duodenum can be 'cured' of their syndrome or nonfunctional tumours, providing that the tumour has not metastasized to the liver and that the operation is extensive enough to excise all sites of disease [31] [32] [33] 381 . An aggressive surgical approach is indicated because the incidence of malignancy is similar to that in patients with sporadic islet-cell tumours, although liver metastases are less common at the time of diagnosis, perhaps because of the younger age of patients at the time of diagnosis and the frequency of duodenal primary tumours in MENl ZES patients [18. 40, 431.
MENl non-functional turnours
Both benign and malignant neuroendocrine tumours develop in the pancreas in patients with MEN1. In our experience. the majority of patients with functional tumours have had other neuroendocrine tumours that were non-functional or secreting hormones that produce no identifiable syndrome. Additionally, some patients, estimated to represent 5-10% of MEN1 patients, have developed neuroendocrine tumours producing symptoms entirely related to their size, local invasion or hepatic metastases. Three recent patients illustrate the management of these tumours. A 41-year-old male patient with no family history of MENl developed no liver metastases. Because of progressive pain and weight loss, an exploration was performed in January 1990. After a difficult dissection, it was possible to isolate the proximal superior mesenteric and distal portal veins for interposition of a ribbed dacron vascular graft after a distal pancreatectomy which included the enlarged tumour and invaded portal and superior mesenteric veins [ Fig. 31 . Despite a complicated post-operative recovery, this patient did well for the next 3 years and is working full-time, although recently, a CT scan has shown possible Flg. 5 The operatlve specimen of resected distal pancreas, tumour and spleen. A 2-mm gastrinoma was exclsed from the second portion of the duodenum. No hlstoologlcal evidence of malignancy was found in lymph nodes. and liver was negative for metastases.
local tumour recurrence and liver metastases.
A 22-year-old female with a known family history of MEN1 was found to be hypercalcemic at 19 years of age after developing a renal stone. A subtotal parathyroidectomy and cervical thymectomy were performed, and she remained asymptomatic until 3 years later, when she suffered left upper quadrant pain for several weeks following a minor fall on ice.
A CT scan then demonstrated a 13-cm mass in the distal pancreas and a normal spleen and liver [ Fig.  41 . The only abnormality in her hormonal screen was a slightly elevated serum gastrin (1 60 mg mL-'). A secretin test was positive for gastrinoma. At exploration in March of 1993, a large tumour involving the entire body and tail was resected with the spleen [Fig. 51 . There was no evidence of local invasion, or lymph node or liver metastases. A duodenotomy was also performed and a 2-mm neuroendocrine tumour was rocally excised from the distal second portion of the duodenum. Peripancreatic lymph nodes were negative for metastases. The duodenal microadenoma stained positive for gastrin, whereas the large neuroendocrine tumour, which was histologically benign, stained only for neuron specific enolase (NSE) and chromogranin. She has remained asymptomatic since the operation and has no displayed evidence of recurrence.
The third patient, a 54-year-old female, presented with recurrent hyperparathyroidism 10 years after a subtotal parathyroidectomy for multiple gland disease. At that time, there was no family history of MEN1. but subsequently, a daughter developed a prolactinoma and HPT. As a result, she had hormonal screening and a CT scan which demonstrated a 3-cm tumour within the pancreatic head. During a combined operation consisting of parathyroid reexploration and abdominal exploration, the neuroendocrine tumour in the head was enucleated, and a distal pancreatectomy was performed for multiple small palpable tumours in the body and tail. She has been asymptomatic and normocalcemic for the last 2 years. None of these tumours were histologically malignant.
The results from this group of patients suggest that periodic screening of the pancreas in all proven MENl patients is indicated. In most patients without liver metastases, determining whether a tumour is benign or malignant cannot be made until resection, histopathological study, and in some cases, longterm follow-up.
Functional islet-cell tumour syndromes
A spectrum of islet-cell tumours syndromes have been reported in MENl patients, including VIP oma, glucagonoma, ectopic ACTH and somatostatinoma. Only the two most common, resulting from insulinomas and gastrinomas, will be considered in further detail.
Insulinoma
It is estimated that lO-15% of MENl patients will develop insulinomas as the only functional component in their pancreatic neuroendocrine disease. Approximately 5% of all insolinomas occur in MENl patients. As a general rule, sporadic insulinomas are solitary tumours, whereas insulinomas in MENl patients are likely to be multiple. Nevertheless, multiple tumours in MENl patients are not always insulinomas, and their designation as such must be proven by immunohistochemical staining [8, 18-20, 31,41,44-45] . Whenever a presumed sporadic insulinoma patient is found to have multiple islet-cell tumours, a complete evaluation for MENl should be undertaken. Most of these patients will eventually be proven to have the syndrome.
Five patients with symptomatic insulinomas occurring in association with the MENl syndrome were treated at the University of Michigan over the past 20 years. One additional patient, operated upon elsewhere, underwent an enucleation of an insulinoma located in the tail of the pancreas at the age of 9 years. At that time, there was no known family history of MEN1, and apparently, this was a solitary tumour. She did well until 3 5 years of age, at which time both hyperparathyroidism and ZES were diagnosed. When re-explored, six macroneuroendocrine tumours were excised from the pancreas and seven microgastrinomas from the duodenum. At least two or more insulinomas were excised in each of the other five patients. One patient, a 2 7-year-old male with a large (7-cm) predunculated insulinoma arising from the neck of the pancreas was also found to have an additional insulinoma, as well as three other nonfunctioning neuroendocrine tumours [ Fig.  61 . The largest insulinoma was histologically malignant and one contiguous lymph node contained a metastatic neuroendocrine tumour which stained positively for insulin. Two patients developed insulinomas within 2 and 3 years, respectively, after the surgical treatment of ZES, successfully treated by excision of duodenal gastrinomas. Neither patient had undergone a distal pancreatectomy at the time of their first operation. Multiple insulinomas were found in the body and tail in each patient at reoperation. All six patients are euglycemic at the present time with follow-ups ranging from 2 to 16 years.
Although we relied upon percutaneous transhepatic selective venous sampling of insulin for L localization of insulinomas for more than a decade, we no longer consider that study necessary [19] . The only localization we recommend in MEN 1 patients is endoscoplc ultrasonography of the head and uncinate process of the pancreas. Our current management algorithm is shown in Fig. 7 . In addition to a confirmed biochemical diagnosis of organic hyperinsulinism, a serum gastrin level is obtained to rule out concomitant preclinical gastrinoma. The operative procedure we perform is a distal pancreatectomy to the level of the superior mesenteric vein, and enucleation of any neuroendocrine tumours in the head or uncinate process. A duodenotomy is not performed unless the pre-operative serum gastrin levels are elevated and a secretin test 
Gastrinomas
The surgical treatment of ZES in MEN1 patients is predicated on the facts that all gastrinomas, whether in the duodenum or the pancreas, have malignant potential or are already malignant, and that surgical treatment can be successful in patients without liver metastases, providing the operative procedure performed is appropriate. All patients without liver metastases should be explored with the intent to 'cure' the disease, short of a Whipple procedure or total pancreatectomy. The following principles are guidelines in all explorations for ZE! 3 in MENl patients: (1) A duodenotomy is performed and the wall is circumferentially palpated from the pylorus through the third portion. Any small (less than 0.5 cm) gastrinomas are locally excised. Larger gastrinomas are excised with a full thickness margin of duodenal wall. are excised, including those along the common bile duct and within the porta hepatis medially to the celiac axis. (3) After full mobilization of the head and uncinate, any palpable or ultrasonically identified tumour is enucleated. (4) A distal pancreatectomy, including the neck, body and tail, preserving the spleen when feasible, is routinely performed. The majority of MENl patients have palpable neuroendocrine tumours within the body or tail. The only pre-operative localization studies we now utilize are a CT or MRI scan to rule out liver metastases and to evaluate the adrenal glands. Endoscopic ultrasonography is used to evaluate the head and uncinate process for possible neuro- endocrine tumours too small to be palpated during exploration. An algorithm of our current management scheme is shown in Fig. 8 . During the 15-year period from 19 78 to 199 3 , 1 7 MENl patients without liver metastases underwent pancreatic exploration with intent to 'cure ' their biochemically proven ZES. Eleven patients were female and six were male. Their mean age was 36.7 years at the time of exploration. Twelve patients had previously undergone a parathyroidectomy, whereas five with a synchronous diagnosis of HPT and ZES were treated with a combined operation.
Gastrinoma(s) were found in the duodenum of 76% and in both pancreas and duodenum of 35% (Table 1) . A minimum of 46% with duodenal gastrinomas were proven to be malignant, as determined by lymph node metastases. Gaastrinoma(s) were only found in the pancreas in 24%, although 59% had pancreatic gastrinomas in the entire group. None of the pancreatic gastrinomas have proven to be malignant, as determined by local invasion, lymph node or liver metastases. Other neuroendocrine tumours were found in the body or tail of the pancreas at the initial exploration in 82%. Additional neuroendocrine tumours developed which were proven at a subsequent exploration in the remaining three patients after periods ranging from 2 to 8 years. Thus, 100% of these patients had or developed neuroendocrine tumours of the body or tail.
Thirteen out of 1 7 patients (76%) had a distal pancreatectomy as a component of their initial operation. Of the four with a remaining body and tail. one with three duodenal and two pancreatic head gastrinomas had lower but persistent hypergastrinemia. At a second exploration, 2 months later. a 1.5-cm gastrinoma was found and excised from the distal pancreatic tail. Another patient had normal basal gastrin levels but a positive secretin study for 8 years. At re-exploration, a 1.5-cm gastrinoma was found and excised from the pancreatic neck. Both patients have had normal gastrin levels and negative secretin tests for periods of 4 and 5 years.
The other two patients both became eugastrinemic after excision of gastrinomas from the duodenum, but developed organic hyperinsulinism after 2 and 3 year intervals, respectively. At re-exploration, multiple insulinomas were found in the distal pancreas in both patients. These patients were successfully treated by distal pancreatectomy.
After follow-up periods ranging from one to 16 years, 11 out of 17 (65%) patients have normal basal gastrin levels, are asymptomatic, and require no drug therapy for diarrhoea or peptic ulcer symptoms. Five of these patients have had one or more negative secretin-stimulated studies (29%). The six patients (3 5%) currently with increased basal gastrin levels have all had a decrease in gastrin levels, a decrease in symptoms and a decrease in drug requirements for variable periods after operation, although none became eugastrinemic. Because none of these patients have liver metastases, they are considered potential candidates for a re-exploration. One of these patients has recently undergone endoscopic ultrasonography and two 0.5-cm neuroendocrine tumours were identified in the remaining pancreatic head.
Discussion
Neuroendocrine tumours of the pancreas develop in 50% of patients with MENl and may cause significantmorbidityormortality [5. 18. 41, 45, 461 . Their treatment is surgical when detected by imaging, biochemical screening or biochemical confirmation of a hormonal syndrome. The objective in all patients is to detect and excise the tumour(s) before their malignant potential has been c o n h e d by hepatic metastases. In patients with functional syndromes caused by hypersecretion of a specific hormone, surgical treatment may be life saving (glucagonoma. VIPoma or insulinoma), or eliminate the need for expensive daily drug therapy (gastrinoma). These objects need to be re-emphasized in MENl patients with ZES because many groups have excluded these patients for operation based on historical failures caused by previous inadequate knowledge of tumour pathophysiology .
Our current operation has evolved during a 15-year period, and is based on an improved under-standing of the extent and locations of gastrinomas in MENl [7, 11. 30-33 , 381. The fact that some patients become eugastrinemic yet have positive secretin stimulation tests suggests that either a very small duodenal or pancreatic head gastrinoma, or micrometastases in a lymph node was overlooked at exploration. Initially, it was assumed that all of these patients would develop symptomatic recurrences, but surprisingly, that has not been the case [33] . One patient in this category has been symptom free without drug therapy for 16 years, and two others had similar courses for 8 and 9 years, respectively, before developing recurrent hyperparathyroidism and then elevated basal serum gastrin levels. In both cases, successful parathyroid re-operations resulted in eugastrinemia, which has been maintained for 4 and 6 years, respectively [47] . Whether MENl patients with hypergastrinemia have a greater propensity to have concomitant neuroendocrine tumours in the pancreas is not known. The fact that 100% of our patients had or developed neuroendocrine tumours in the body or tail of the pancreas is the basis for our recommendation to include a distal pancreatectomy as a routine step in the MENl ZES operation. An alternative approach, which has been advocated by several authors, is to perform a pancreaticoduodectomy resection which would eliminate any neuroendocrine tumours in the duodenum, head, uncinate and peripancreatic lymph nodes [ 16, 3 71 . Any tumour in the remaining pancreatic body and tail could be enucleated. It is not unreasonable to assume that an even higher cure rate of the ZES could be achieved with this procedure. Whether the potential added morbidity and possible mortality associated with this operation is justifiable remains to be answered. In those patients who are not cured after the procedure, we perform a ' second look' procedure, which can be performed after a year or so with the reasonable assumption that a previously occult tumour may have grown to detectable size. We are currently considering re-exploration in several patients who have had a rising gastrin level after a previous operation failed to return the serum gastrin level to the normal range. In one of these patients, two small neuroendocrine tumours have been identified in the remaining pancreatic head by endoscopic ultrasound. Another approach would be to excise all duodenal tumours and to enculeate any pancreatic tumours rather than resect the distal pancreas. Failures after this procedure would still be Malignant pancreatic gastrinoma(s) 0 (0%) Malignant E pancreatic tumour
1(6%)
Liver metastases including follow-up 0 (0%) (range 1-1 5 years) amenable to a pancreaticoduodenectomy without resorting to a total pancreatectomy. In patients without liver metastases, a total pancreatectomy. including any involved lymph nodes, would cure the MENl patient of pancreatic and duodenal neuroendocrine disease. Considering the potential longterm side effects of this procedure and the relative indolence of most neuroendocrine malignancies of MEN1, the benefits gained would be likely to overcome by the subsequent morbidity in all but the rare MENl families with proven highly aggressive pancreatic malignancies [48] .
Although our series is small, several observations can be emphasized. The fist is that the majority of the MENl ZES patients can be rendered eugastrinemic if diagnosed and explored before liver metastases have developed ( Table 2 ). The second is that excision of tumours and lymph node metastases when present may prevent the subsequent progression to liver metastases. Although our longest follow-up in this series is only 16 years, no patient has developed liver metastases. These initial results encourage us to recommend pancreatic duodenal exploration in all MENl ZES patients without liver metastases. There is increasing evidence that, after a procedure appropriate for the neuroendocrine disease present, most patients will obtain significant longterm benefits. To do nothing but observe and treat with drug therapy until a tumour is obvious may eliminate the potential opportunity to cure many of these patients.
